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The r o l e  of i n e l a s t i c  electron-cesium atomic c o l l i s i o n s  i n  thermionic 

3 diodes has recent ly  received considerable a t t e n t i o n . l J 2  Rizzo and B e l l  

document the existence of excited 6P states of cesium i n  a plasma diode 

operating i n  the  a r c  mode. 

s idered as an important source of ions i n  thermionic diodes. 

Furthermore, stepwise ionizat ion has been con- 
4 

The theory of Gryzinski' i s  u t i l i z e d  throughout t h i s  note t o  obtain 

semiclassical  i n e l a s t i c  cross  sect ions Q f o r  various i n e l a s t i c  processes 

as a function of incident  e lec t ron  eneTgy EZ. 

The cross  sec t ion  f o r  t h e  c o l l i s i o n  of an e lec t ron  with an a l k a l i  

atom which w i l l  exci te  the  atom's outer e lec t ron  by an energy grea te r  than 

U i s  given by Gryeinski as 

where uo = 653 i2 - (ev)2;  EL is  the  k i n e t i c  energy of the bound electron;  

E2 i s - t h e  incident  e lec t ron  energy; and 

2 - 

i f  U + E  > E -  l -  L 
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Hence the simple ground state ionization cross 

I 

where Ui i s  the ionizat ion potent ia l  and El 

sec t  ion 

= u t .  

Fig.  1 i l l u s t r a t e s  the  agreement of Gryzinski 's  theory 

r e l a t i v e  (normalized t o  the  peak) values of the simple 
P . 7  

i s  

(3) 

with experiment a1 

ionizat ion cross 

sect ions f o r  the a l k a l i  metals . b t  However, there  does not appear t o  be 

su f f i c i en t  data  avai lable  t o  draw any conclusions about Gryzinski' s pre- 

d i c t ion  of absolute values of the  simple ionizat ion cross sections (Fig.  2 ) .  

The a b i l i t y  of t he  theory t o  predict  r e l a t i v e  and absolute values of sodium 

exci ta t ion  cross sections has been previously demonstrated. 5 

The electron-induced 6s t o  6P cesium exci ta t ion  cross section pre- 

sented i n  Fig. 3 i s  given by 

(4) 

where u6p 

9 (1.39 ev. ), USD 

and U i  i s  the cesium ionizat ion potent ia l  (3.89 ev.) . 

is  the  lowest of the  two 6P energy l e v e l s  above the  ground state 

i s  t h e  lowest SD- l eve l  above the  ground state (1.80 ev.), 

The t o t a l  exc i ta t ion  cross section Qx i s  a l s o  presented i n  Fig. 3. 

It i s  the  sum of all electron-induced exc i ta t ions  i n  cesium below the  ion i -  

zat ion poten t ia l .  The r e s u l t  of t h i s  summation can be expressed as 

where UGP i s  the  lowest 6P state. 

ta ined  a peak value of SOL2 fo r  the  t o t a l  cesium exci ta t ion  cross sect ion.  

Nolan and Phelpsl0 experimentally ob- 
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It is noted that Gryzinski's theory gives better agreement (70A "2 peak) with 

this experimental value than did previous analyses. 11 

Another interaction of possible interest in analyzing plasma dfode per- 

formance is the electron-induced ionization of cesium in the 6P excited state. 

This cross section is given by 

and is shown in Fig. 4. 
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Fig. 1. Universal ionization cross section from classical theory. 
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Fig. 2. Absolute value of ionization cross section peak. 
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Fig. 3. Electron-induced cesium excitation cross sections. 
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Fig. 4. Electron-induced ionization of excited l6P) cesium atoms. 
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